Introduction

"One cannot be pessimistic about the West. This is the native home of hope. When it fully learns that cooperation, not rugged individualism, is the quality that most characterizes and preserves it, then it will have achieved itself and outlived its origins. Then it has a chance to create a society to match its scenery." -Wallace Stegner
The Western United States is a diverse region of the country, with little in common between places like Cody, Wyoming and Palo Alto, California. One condition common to the region -with the exception of a few coastal communities -is aridity. It seems odd to characterize an entire region by what it lacks, but water has always been the most consistent and frequently cited tie that binds the West.
Although a long history of papers, reports, and books have analyzed issues around western water, 1 the last official comprehensive examination of the subject was published 15 years ago. In 1996, Congress chartered the Western Water Policy Review Advisory Commission (Commission) to publish a report, Water in the West:
to tourism and conservation, but perhaps most significantly, it has uniquely enabled a system of large water developments throughout the West.
History of Water in the West
To understand the current trends affecting western water policy and management, it may be helpful to understand how we arrived here. Much of the current cultural and legal system of water allocation is a legacy of the 19th century while the infrastructure and institutions are products of the 20th century. A central question, of course, is how well this legal regime and infrastructure will fare in confronting the needs and issues of the 21st century.
In the East, through a common law system carried over from England and dating back to ancient Rome, property that abuts a water body carries with it a right to put that water to a reasonable use. This riparian system has worked well in areas with plentiful rainfall and a relatively consistent and abundant supply of water. 6 In the arid West, perennial streams are fewer and farther in between and their flows are variable and uncertain. The need to allocate a scarce and unpredictable resource gave rise to the prior appropriation system.
Emerging out of the western mining boom in the 1840s, this legal principle granted rights to water through a system of seniority that requires all users to put that water to beneficial use. Sometimes described as "first in time, first in right," the system allowed miners and later farmers and cities to divert water from its natural course provided they put that water to work. The initial water allocations were determined in the 19th century by who showed up first, dug irrigation ditches, and started withdrawing water. This system persists to this day, although now administrative and judicial programs in each state allocate new water rights and govern existing ones. Under this system, the rights of senior water users must be satisfied first, before junior users receive anything. Failure to put water to a beneficial use may jeopardize one's right to that water. This is sometimes described as "use it or lose it."
Most western states operate strictly under prior appropriation, although some treat groundwater separately. 7 Generally, holding a water right entitles an individual to use water for a specified beneficial use, which historically meant irrigation, mining, domestic, or municipal use. The terms of the water rights also typically include a priority date, an allowable quantity, and a specified location for the withdrawal. A great deal of our infrastructure was also built up during the era of western settlement, as were the laws governing use of that infrastructure. John Wesley Powell, early explorer and scholar of the West, recognized early on that continued westward expansion by American settlers would require irrigation of the land. Powell advocated for a cooperative water development approach that was basin-oriented. 8 He wrote several seminal papers that warned about the folly of westward expansion without a fundamental shift in our thinking, institutions, and investments concerning water. 9 Powell's words were largely ignored. The linear grids of the flatter East were superimposed on the more topographically and hydrologically complex West. It became increasingly clear that Powell was right about irrigation. So called "reclamation projects" were at first privately funded enterprises that time and again failed due to a lack of money, technical expertise, and organization. Resounding and persistent calls for the federal government to intervene eventually succeeded with passage of the Reclamation Act in 1902. The U.S. Bureau of Reclamation (BOR) under the Department of the Interior quickly studied potential water development projects in each western state, with the first projects funded by the sale of federal lands. This launched the federal government into a seven-decade era of dominance in large water developments throughout the West.
The Dust Bowl and the Great Depression, under Franklin Roosevelt, further intensified federal involvement in the West, as job creation became a driving rationale for large water development projects. These large projects enabled the mass settlement of the West in the 1940s. Although the Reclamation Act originally focused on providing infrastructure for irrigating family farms of 160 acres or less, water and power from reclamation projects ultimately facilitated large-scale agriculture and development of mega cities such as Las Vegas, Phoenix, and Los Angeles. State water projects, most notably in California, further added to the storage and plumbing infrastructure of the West. This expansion and growth helped set the stage for today's conflicts between agricultural and urban uses.
By the 1960s, increasing public consciousness of pervasive and widespread water pollution and ecological damage gave birth to the modern environmental movement. Several high-profile fights took place over dam construction in the West, as environmental advocates began to utilize new tools and employ more sophisticated strategies. 10 What soon followed was the passage of a raft of federal legislation including the Wild and Scenic Rivers Act (1968), National Environmental Policy Act (1970), Clean Water Act (1972) , and Endangered Species Act (ESA) (1973) . These federal laws recognized the importance of the environment and its connection to human health, and they fundamentally changed the way water projects (and any actions with a federal nexus) are planned and implemented.
By the 1980s, the development boom had run out of steam and the consequences of its excesses began to take hold. Due in large part to dams and water withdrawals, populations of Pacific salmon and other aquatic species began to crash. There are now about thirty fish that are federally listed as threatened or endangered in California alone.
11 Mandated restrictions on water withdrawals to protect fish provoked an inevitable backlash. Building on the backlash against restrictions on logging prompted by the spotted owl listing, and on private property rights movements such as the sagebrush rebellion, ranchers and other western water users have condemned environmental restrictions on water use as an attack on the rural way of life in the West. Subsequent years were marked by political and legal battles between these two sides, mostly resulting in stalemate. While the 1990s and early 2000s saw some examples of collaboration and environmental restoration, there were no major laws passed or protections granted to waters and lands (nor were any repealed).
Some suggest that we have entered into an era of "The New West." It is hard to guess how this new era will define itself, and it is debatable whether drawing a distinction around an era provides any real value or clarity, 12 but it is certain that today's West is different from even 15 years ago from a demographic, cultural, economic, and environmental point of view.
We see a New West characterized by denser (and growing) urban population centers, rising ecological and recreational values of rivers and streams, and a growing awareness of water scarcity. The population of the West has grown by 13.8%, or 8.7 million people, from 2000 to 2010.
13 Four out of the top five fastestgrowing states in the US, ranked by percentage change in population (projected between 1995 and 2025) are in the West: California (56%), New Mexico (55%), Arizona (52%), and Nevada (51%).
14 There are many divides in this New West that continue to pull westerners further apart, such as cities/agriculture, coastal/ inland, wealthy/poor. Cities have typically used 20% of total water available, while agriculture used 80%. 15 In light of growing populations, urban demand for water will only grow. At least some of this demand will be satisfied by water transfers from agriculture to cities, and many rural communities view the loss of this water as a threat to their economic viability and their culture. The need to leave water in rivers to restore threatened and endangered species only adds to the potential for conflict.
While conflict is a real issue in western water, it is not the whole story; there are signs of more resilient and cooperative approaches to water management in this new West. From southern California's shift to diversify its water supply with local and recycled sources, to climate change legislation on state and local levels, to a basin-wide study of the Colorado River to understand its current and future water demand and supply, efforts are being made at all levels to mitigate water and climate risks, often by working together. These are all promising signs that westerners are at the verge of creating a society to match its scenery, as Stegner had hoped for.
In this paper, we investigate some of the key issues that dominate today's conversations about western water and explore how some of these issues have emerged or evolved since the last comprehensive review of western water in 1998. In particular, we focus on water management and governance, preparing for a changing climate, ecosystem services, water markets and transfers, connections between water and energy, advances in knowledge and technology, and water infrastructure finance. While there are numerous other water issues to explore, we chose these because of the unique attention they have received and continue to gain in recent years.
Water Management and Governance
Because of its very nature, water has always been a difficult resource to manage. How do you draw boundaries around something that has no clear beginning or end? How do you manage something that is constantly moving and changing? How do you regulate something that does not have a clear owner? The complexities of water laws, policies, institutions, and investments are a reflection of the resource itself.
Look at a map of the western US and it becomes clear that the straight lines that form so many borders among the 17 states west of the 100th meridian defy the lines that matter most -its rivers and watersheds. Those borders complicate management of water as much as anything. Perhaps more than any other question affecting water in the West, the challenge of management and governance continues to perplex and confound policy makers and water professionals.
The US operates on a system of cooperative federalism, with responsibility and jurisdiction for water resources distributed and nested among federal, state, and local levels of government. 16 Traditionally, federal government maintains some authority over water quality and flood control, the states have retained primacy over water supply, while local agencies administer many of these programs and provide basic services to customers, including water supply and sewage.
At every level, jurisdiction over water resources is divided among numerous entities with responsibility for various and often overlapping pieces of the larger puzzle -sanitation, water delivery, flood management, fish and wildlife, recreation. 17 Long lamented, this balkanization has more recently been embraced for its checks and balances. 18 What further complicates overlapping jurisdictions is that water movesproblems upstream tends to magnify as one moves downstream. This is true of both water quality (e.g., pollution) and quantity (e.g., excessive withdrawals). Benefits and costs are easily misaligned. Upstream communities incur the costs of maintaining clean water while downstream communities enjoy the benefits.
Commissioners of the 1998 report on Water in the West highlighted management and governance as one of its key concerns. The commissioners supported several fundamental goals of management and governance that work from the bottom up and the top down: 1) Improve decision making by coordinating at the basin level; 2) Develop measurable objectives for basin management; 3) Improve efficiency of agency activities through integration of programs and budgets; 4) Expand technical and financial support of watershed projects; and 5) Support basin trusts to maximize financial resources. There are certainly examples in the intervening years of improvements in each of these areas, although effective management and governance in western water is as elusive today as it was in Powell's time.
Today's Water Management and Governance
The past 15 years have been particularly marked by conflict over water in the West's largest and most storied river basins. Of course, the complexity and conflict that defines basins like the Colorado, Columbia, Sacramento-San Joaquin, Rio Grande and Missouri should not come as any great surprise. These rivers involve tremendous historic competition between upstream and downstream jurisdictions, competing industries, and competing demands served by major federal infrastructure projects. With the exception of the Sacramento-San Joaquin, each of these rivers is governed by complex interstate and even international agreements. And each is home to a complex and fragile ecosystem with species that have become endangered because of water use and infrastructure.
Competition between upstream and downstream states on the Missouri River led to litigation over the operation of a series of dams in Montana and the Dakotas that brought into conflict navigation, flood control, power production, and recreation as well as ecosystems protection. 19 While the litigation ostensibly centered on the fate of endangered fish and birds, the real dispute is on allocation of water between upstream and downstream states. Another focus of almost non-stop litigation has been the interaction between dams and salmon in the Columbia River basin, involving upstream and downstream states, tribes, environmental advocacy groups, and hydropower and navigation lobbies. 20 With billions of dollars spent in court and on mitigation, little has changed in the Columbia River basin.
One effort at a new governance structure that many believed showed promise at tackling large, interdisciplinary water management problems was the CALFED process. Established in 1994 as an effort to coordinate the efforts of state and federal agencies to maintain water supplies for cities and agriculture, improve water quality, and restore the Sacramento-San Joaquin Bay Delta ecosystem for endangered species, this 10-year cooperative effort culminated in a plan for coordination and action among 25 federal and state agency participants. 21 While these achievements were unprecedented and exhibited remarkable progress, many criticized the program for generating lots of process but yielding few results.
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Since the demise of CALFED, additional efforts at coordination and collaboration have arisen to manage and govern the Delta, each with their own mixed result.
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And of course, litigation remains a constant.
Given that it is the West's largest and most arid basin, it is ironic that the Colorado River arguably has seen greater degrees of cooperation and collaboration than others in the region. The cooperation could be driven by a pressing need: the basin is over-allocated, with less water than presumed in the Colorado River Compact. 24 In 2009, Congress passed the SECURE Water Act, which among other things directed the Bureau of Reclamation to conduct comprehensive studies to evaluate and define options for meeting future water demands in rivers basins in the West, including the Colorado. 25 While parties are still a long way from agreement about how to resolve long-term water needs and have not fully achieved inter-jurisdictional coordination of regulations, investments, and plans, they are certainly moving in a more positive direction than ever before. It has been said in the financial world that there are institutions that are "too big to fail." Despite the many odds stacked against them, this may be an apt description of the major river systems of the western US. Perhaps this is why the largest and most contentious among them may be showing the greatest signs of cooperation. Dr. Brad Udall of the University of Colorado explained in a speech at a conference celebrating the 50th anniversary of the landmark Supreme Court decision regarding the California River, Arizona v. California, that while "the law of the river" may say that Arizona will go dry before California has to cut back in the slightest, "the reality of the public" will not tolerate such an extreme outcome.
26
If he is right, perhaps the backstop to governance in western water is common sense and fairness. The Colorado Basin states have made progress working towards a solution to their severe problems because they have to -they face a genuine shortfall in the face of acute demand that they cannot fail to address.
So where do we go from here? If we are still discussing the same issues that Powell raised in the 1800s, it either suggests we need to press harder for more concrete action, or that we need to change the conversation.
The 1998 Report stressed the need for a coordinating body for water, particularly among federal agencies, and recommended reconvening the Water Resources Council (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) . While it has not been convened or funded since 1981, the Council remains authorized by law and was originally empanelled to coordinate the planning, investments, management, and regulation of water resources among federal agencies. 27 It also included provision for better coordinating federal activities with states, local agencies, and the private sector. Although President Obama has not heeded calls to reconstitute the Council, his Administration has convened an ad hoc interagency task force around water resource issues. 28 While it is difficult to see whether those efforts have translated to actions on the ground, they appear to be responding to this commonly cited need for federal coordination.
A major theme dominating current discussions about water management and governance is the concept of integrated water resource management (IWRM). Integrated management is commonly thought of as coordinated planning, comanagement of water quantity, quality, flood control, land use, and ecosystems, and sharing information across disciplines and agencies. Proponents say benefits include more efficient and cost effective management, reliable water supplies, adaptability in the face of climate change, and equity across sectors.
Several national forums have argued for variations of IWRM as a centerpiece to future water management. 29 Over the past several years, the Johnson Foundation has led an effort to convene diverse stakeholders to discuss challenges and solutions to sustainable management of the nation's water and have repeatedly identified integration as critical.
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Integrated water management has a particular resonance among western water managers given the interrelation of the resources they are entrusted with and the complexity of the institutions and legal structures they must navigate. For example, operating a reservoir requires balancing between storing as much water for consumptive use as possible, while leaving storage space available in the event of a flood. Water left instream may be beneficial to both wildlife and hydropower, but can place strains on irrigated agriculture and cities. Land use decisions affect flood control, water demand, and the health of freshwater ecosystems, but are often made by government entities that have no experience or responsibility for these resources. Integrating the management of groundwater and surface water, which were once treated as separate resources in most western states, has become the norm in recognition of their hydrologic connection and because of its importance in providing cheap, reliable water storage.
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29 The American Water Resources Association's 2011 National Water Vision explains, "Water resources cannot be managed sustainably without active and purposeful recognition of their many linkages and varied interconnections. This recognition, in fact, requires a holistic approach to water and the practice of integrated water resources management." US Water Alliance, a coalition of municipal water utilities, agricultural leaders, and environmental interests, has held a series of meetings promoting the idea of "One Water Management" and developing a network to share information and advance its agenda of "adaptive, integrative water management planning" http://www.uswateralliance.org/activities/one-water-networking/. Board, has been used to bring together the dozens of water agencies and stakeholders in hydrologic regions throughout the state to coordinate plans and prioritize water projects and investments to meet a wide array of regional objectives. The program uses access to state bond funding as an incentive for participation. Unfortunately, the prospect of continued water bond funding in California is unclear and it is uncertain whether this incentive is actually affecting the state's most difficult water management challenges.
There is really no beginning or end to the conversation about water management and governance in the western US, but based on trends, we expect that ever pressing needs will keep the discussion alive for years to come. Effective governance is necessary for functioning markets that not only improve economic efficiency but avoid impacts to rural communities and the environment. With climate change, the agreements struck between the states over the past several decades will almost inevitably need to be revisited, whether amicably or through the courts. And the need and desire to replace aging infrastructure, possibly with new technologies, will present opportunities for cooperative financing, coordinated management, and new governing regulations. Over the past 15 years, we have made some progress in better integrating water management decisions, but have not found ways to employ these lessons more broadly, or apply them to the region's most important water management problems.
Preparing for a Changing Climate
It is safe to say that almost every report, article, or document written about western water now devotes at least some of its attention to the present and future challenges of a changing climate. Given this overwhelming level of attention, it is startling to think that just 15 years ago, it was little more than a footnote.
When the Commissioners of Water in the West (1998 Report) were making recommendations about the future of western water, they paid little attention to climate change. Among the report's more than 400 pages, only three paragraphs even mention it. The report summed up climate change and its role in the future of the American West by saying, "in the years to come, the West's water supplies may also be influenced by human-induced climate change." 33, 34 Times have changed indeed.
In the past 15 years, confidence of climate change models and predictions have improved by leaps and bounds, and our understanding of current and future impacts is much clearer. 35 That increased understanding has underscored the risks for western water supplies, and solidified. 36 Climate change has come to dominate the attention of the water sector in the West.
The climate of the West has always been characterized by extreme variability. The region has seen some incredible extremes and the so-called "normal" water year is ever elusive. Tree rings and other paleoclimatic data present a picture of the climate of western North America frequented by droughts and punctuated by catastrophic floods. Numerous droughts, greater than any witnessed by European settlers, plagued the Colorado River basin between 750 and 1500. 37 At the other end of the spectrum, recent studies in the Central Valley of California show a regular incidence of "biblical" floods that filled the Central Valley every 200 years. 38 The region is no stranger to climatic extremes, but all of the models of climate change predict with a great degree of confidence that those extremes will become even greater and more frequent because of greenhouse gas pollution. point to significant threats to water resources from climate change. These can be summarized by the following: -Average temperatures are rising, thereby increasing evaporation and increasing the severity of recent droughts; -A greater portion of winter precipitation is falling as rain in the mountains rather than snow, and snow is also melting earlier in the year, compromising reliance on surface water storage in the West; -Across the West warming, drought, and resulting insects and disease, will increase wildfires and impacts to people and ecosystems; -Extreme rainfall events are expected to increase in frequency and intensity; -Coastal flooding and erosion is already occurring and is damaging some areas of the California coast during storms and extreme high tides; -Wildlife adapted to historic temperature regimes and hydrology are vulnerable to changing conditions.
The West has witnessed a number of extreme weather events over the past 15 years, although none can be attributed specifically to climate change. 41 Nevertheless, because these droughts and floods resemble the kinds of events forecast in various climate change scenarios, they have left an impression on both water managers as well as the general public.
A landmark paper by Miley et al. (2008) in Science, entitled, "Stationarity is Dead," lays out the idea that the past is no longer a sufficient predictor of the future and that we need to adjust the way we plan for our water resources in the future. That presents a tremendous challenge. The West's dams, levees, and other infrastructure, once the envy of the water world, were built on past assumptions. Laws and policies on water rights, species recovery plans, and clean water permits are calibrated to data collected over the last century, for the most part. Land use decisions are dependent on that data and history as well. The realization that the future will not conform to the past is now leading to a transformation in the water industry and a whole new way of thinking and working.
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Despite the consensus within the scientific community around anthropogenic climate change and its impacts on water resources in the West, public attitudes in the region have been decidedly mixed. Regardless of politics and views about the causes of climate change, water managers seem to be heeding the risks and orienting their planning to address it -even if they may call it by another name.
Federal, state and local water agencies have undertaken significant planning efforts to ensure that the West's water resources and communities are prepared for a changing climate. Beginning in 2009, federal agencies began working with stakeholders to develop a National Action Plan that provides an overview of the challenges a changing climate presents for the management of the nation's freshwater resources and describes actions that federal agencies will take to help freshwater resource managers ensure adequate water supplies and protect water quality and public health. 43 In February 2013, federal agencies released their first Climate Change Adaptation Plans to plan for and address the impacts of climate change on their programs and operations. As part of a new partnership among the National Oceanic and Atmospheric Administration and universities throughout the nation, 44 the Western Water Assessment was established at the University of Colorado, Boulder to evaluate and address societal vulnerabilities related to climate change and water resources and provide advice and direction to local decision-makers about how best to prepare. 45 Federal agencies are not alone in their efforts to confront the challenges of a more volatile and uncertain climate. Over the past several years, the Western Governors' Association (WGA) has issued several reports describing vulnerability of states to a changing climate, as well as serving as a clearinghouse to share advice and best practices among them. 46 WGA's 2010 climate adaptation report emphasizes the need for states to coordinate with federal agencies on good science and best practices. The front lines of water management remain at the local level -municipalities, counties, and utilities, as well as businesses and individuals. Numerous communities throughout the West such as Seattle, Boulder, and the state of California, have been identified as models of adaptation planning for the rest of the world. 47 Colorado and other states have modified drought mitigation and response plans to consider the impact of climate change. There have been a number of excellent publications that provide direction and guidance to planners in developing adaptation plans. 48 Adaptation planning has turned out to be a natural integrator of more traditional water management plans that until now were developed and functioned independently. Planners for land and water are finding opportunities to collaborate and pool resources around the need to plan for climate change.
There are certainly numerous jurisdictions that have yet to pick up this mantle but even water agencies in conservative parts of the region are finding ways to address the risks of climate volatility without wading into debates over the causes. The state of Oklahoma has an exceptional state water plan that gives careful consideration to a changing climate. 49 In early 2013, the Idaho legislature passed a state water plan despite its references to climate change and variability. 50 Many best practices, legal reforms, and investment decisions that are recommended in the face of a changing climate are little more than restatements of past recommendations for sustainable water management. Nevertheless, the addition of climate change to the historic list of threats to western water management appears to be creating a new sense of urgency to implement old and new solutions. 
Ecosystem Services and Green Infrastructure
The idea that natural ecosystems provide society with a diverse stream of benefits has been around for a long time, 51 however it was not until 2006 that the idea of "ecosystem services" was formalized with the publication of the United Nations Millennium Ecosystem Assessment. 52 Today there is fairly broad recognition of this concept and numerous efforts to incorporate the value of those natural assets into decision making of all sorts, from environmental regulation to public and private investments. As with climate change, the authors of the 1998 Report paid little attention to this issue compared to the attention it receives today.
The concept of ecosystem services is closely linked with the notion that water infrastructure need not be limited to just constructed and heavily engineered systems. The idea of natural or green infrastructure is to use natural assets such as forests, riparian areas, and wetlands, or mimic those natural systems through the use of bioswales, green roofs, and constructed wetlands, to achieve water management goals and objectives. In the West, ecosystem services and green infrastructure have been especially evident in the areas of forest planning, floodplain management, and urban design, although there are many other examples.
Forests
The most oft-cited example of the value of ecosystem services is New York City's City's decision to invest $1B to protect its watershed in lieu of spending $6-8 B to build new water treatment facilities. 53 This approach of large scale watershed protection and management is actually much more common in the western US where cities such as San Francisco, Portland, and Boise have relied on forested landscapes, mostly on federal lands, to maintain water quality and avoid the expense of building new infrastructure. A study of 27 US water supply systems 54 Another study found that every $1 invested in forest watershed protection saves between $7.50 and $200 in water treatment costs. 55 And none of these numbers reflect the value of ancillary benefits (e.g., recreation, wildlife) that these actions provide.
In Chief Dombeck was fond of reminding the public that more than 66 million Americans derive their drinking water from Forest Service lands. 57 While many of his specific initiatives were slowed or halted by opponents in Congress, his reminder that water is central to the mission of the Forest Service has lasted. Water remained a top priority of the USFS under both the Bush and Obama Administrations and it has been similarly embraced by sister land management agencies such as the Bureau of Land Management. In 2012 the USFS adopted a new planning rule that for the first time directs staff to consider ecosystem services as well as multiple uses when making management decisions for public lands.
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It remains to be seen how the agency will implement this new rule, but at least one new program, Forests-to-Faucets, illustrates how the agency is partnering with the water industry to improve freshwater conditions in the West. Forests-to-Faucets brings together municipal utilities within each USFS region to cooperate on forest management and pool resources to meet mutual objectives. 59 Denver Water's 1.3 million customers receive most of their water from snowpack and streams that originate on National Forests. In 1996 and 2002, Denver Water experienced two severe fires in watersheds that supply the Front Range with water. In August of 2010, Denver Water formalized a partnership with the US Forest Service to reduce wildfire risk, restore areas recovering from past wildfires, and minimize erosion in the watersheds that are critical for Denver Water's water supplies and infrastructure. 60 Each agency is contributing up to $16.5 million over a 5-year period with an average cost of $27 to each Denver Water household. 61 In a more recent example of a watershed collaboration to improve water quality, Colorado Springs Utilities and the Forest Service initiated a 5-year partnership to help restore the areas burned by the devastating Waldo Canyon Fire in 2012 -the largest, most expensive and destructive fire in Colorado's history. Colorado Springs Utilities will invest approximately $6 million in support of watershed health, and the Forest Service will complete on-the-ground project work that complement the Utilities' investments. 62 Other partnerships like these are beginning to emerge throughout the West.
Floodplains
The pattern of precipitation in the West is expressed through extreme volatility, including catastrophic flooding. 63 While native systems are adapted to and indeed depend on this natural volatility, flooding can cause human loss exacerbated by extensive man-made impervious surfaces, which creates even flashier events and larger devastation to development in floodplains and flood-prone areas. Perhaps the best known flood control system in the western US, if not the world, is the Los Angeles River. A project designed and constructed by the US Army Corps of Engineers, this concrete-lined trapezoidal channel, regularly seen during the car chases of numerous action movies, was once viewed as the only way to manage river flooding: get the water away from the city and downstream as quickly as possible. Today many view this hardened system as a poster child of what not to do. Over the past several years, communities have begun to embrace a more balanced approach to flood management.
From 1961 to 1997, Napa, California flooded on 19 separate occasions, resulting in over $542 million in damages. 64 In response, the US Army Corps proposed channelizing the river and building levees, much like they had done in Los Angeles, but instead a coalition of citizens and local businesses came together to propose an alternative "living river" design. This approach maintains and restores the connection of the river to its flood plain. It maintains channel features and forms a continuous riparian corridor along the river. Napa's approach provides flood protection equal to the Corps' 100-year flood design standards, but it does so while helping the community reinvigorate its downtown and enhance its economic base. While reliance upon traditional dams and levees remains a fundamental part of the region's flood control system, the lessons from Napa are being emulated by numerous other communities throughout the West.
Not only is the West seeing innovation in the form of floodplain restoration projects, but it is also seeing policy change that could have even broader implications for flood management in the region. In 2007 Congress mandated an update to the Principles and Guidelines for Water Resource Planning, 65 and the President's Council on Environmental Quality (CEQ) convened a multi-agency committee to comply. In 2013, CEQ published Principles and Standards that requires an ecosystem services approach for evaluating water resource and associated land use decisions. and implement a framework that will comply with this new mandate and serve their planning and decision-making needs. 
Urban Design
Cities are comprised primarily of what water managers call "impervious" surfaces. These are hardened surfaces such as roads, rooftops, and parking lots where rainfall is unable to soak into the ground. Rather than recharging local groundwater, rainfall on urban landscapes runs rapidly off of impervious surfaces, into storm drains, and then into local streams, causing unnaturally high peak flows and flooding. This urban stormwater also picks up pollutants such as heavy metals, fertilizer, pesticides, and oil and grease from our lawns, driveways, and roads as it makes its way to the nearest storm drain. In the mid 1990s, the idea that cities could better mimic the hydrology of natural landscapes and improve water quality through the use of bioswales, rain gardens, or green roofs began to take hold and the idea of green infrastructure was born. Sometimes described as "low impact development" (LID), the concept has spread widely in the last decade. 68 Large and small cities from Portland to Los Angeles have turned to green infrastructure to address water pollution, flooding, and additional challenges around water scarcity and endangered species.
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Originally driven to comply with water quality requirements set by the Regional Water Resources Control Board, the city of Los Angeles has begun a comprehensive effort to integrate green infrastructure throughout the basin. An important secondary goal of this effort is stormwater capture and storage in groundwater aquifers to augment water supplies. Surrounding jurisdictions such as Orange County and San Bernardino also have begun to invest in green infrastructure projects that capture stormwater and use it to recharge local groundwater aquifers. 71 This has become a vital strategy for this arid region to meet its present and future water supply needs.
Numerous challenges with green infrastructure remain. Many strategies are still not well tested and their benefits not well quantified, making it challenging to rely upon them to meet regulatory requirements or planning goals. Many of the benefits of green infrastructure projects extend well beyond their immediate purposes, so those who pay the costs do not always enjoy the benefits. Without more integrated planning and management, that misalignment of benefits can diminish the incentive to invest in these projects.
The American Recovery and Reinvestment Act (ARRA) in 2009 included large sums of new federal funding for infrastructure projects. While the majority of that spending went to traditional infrastructure projects, at least some was dedicated to green infrastructure. The State Revolving Fund, which provides low interest loans to wastewater and drinking water utilities, included a set-aside requiring that 20% of that funding "go a green reserve."
72 That provision has remained part of the program, and has begun to spur innovation and demand for green infrastructure projects throughout the country. Local financing mechanisms such as Los Angeles' Proposition O have also set aside funding for green projects. 73 No one predicted back in 1998 that green infrastructure or ecosystem services would be such an integral part of western water management today. There is a great deal of additional research and development that needs to take place before these concepts will become fully integrated into the mainstream, but every 71 For more information, see Groundwater Replenishment System, "Groundwater Recharge," available at: http://www.gwrsystem.com/the-process/water-delivery/groundwater-recharge. indication is that things are heading that way. One important opportunity that these approaches can provide is better cooperation and collaboration between cities and upstream rural communities. Eventually, many predict that robust markets will arise, providing an additional source of income to the rural West.
Water Markets
The notion of water markets sparks a more or less perpetual debate. Many see water markets as the ticket to a more rational and efficient allocation of water in the West. Most economists believe that more open markets would allow water to flow smoothly and efficiently to the uses with the greatest societal worth. Freer markets would also create incentives for less wasteful water use by making the economic value of the water a greater factor in decisions by users -a rancher who has the option of selling a portion of his water right is more likely to increase his irrigation efficiency. However, many resist turning over such a critical and public resource as water to a free market.
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Although the appropriative water rights system creates property rights to use water, it does not facilitate free and open transfer of those rights. Every western state subjects water rights transfers to considerable oversight, intended to protect other water rights holders, the environment, and local economies. The debate over specific water transfers, and water markets generally, can implicate the very culture of the West, and the conflict between the old and new West, because markets tend to shift water from agricultural uses to growing cities. The sale of water rights by a rancher to a distant city may yield profits for him, but that sale may bring bad economic news for his neighbors, local communities, and businesses. No water means no irrigation. No irrigation means no crops. No crops means no sales of fertilizer, seeds, and tractor parts. If enough ranchers sell their water, the economic scales can tip, and the local economy can crash. Indeed, perhaps the most famous water transaction in the West, the accumulation of Owens Valley water rights by Los Angeles, in fact did destroy an entire community. 75 We have not resolved this debate in the last 15 years, although we certainly have water markets. In 1998, the Commission report recognized the challenge "to facilitate transfers on the one hand, recognizing the benefits they may produce, and to scrutinize transfers on the other hand, understanding their potential costs to society," but did not provide clear path for resolving these conflicting policy goals. 76 Not much has changed since then. In 2011, the Western Governors' Association (WGA) announced its official policy on water transfers, and recognized the same tension: "Western Governors believe states should identify and promote innovative ways to allow water transfers from agricultural to other uses (including urban, energy and environmental) while avoiding or mitigating damages to agricultural economies and communities."
77 Easier said than done, to be sure.
Western states have not developed any significant legal changes in the past 15 years that address this tension, and many water transfers indeed stir conflict. Despite the static legal landscape, water markets are playing an important role in water allocation in western states, particularly in regions experiencing the most acute shortages or during times of drought. Market participants are finding and using new tools to transfer water while protecting local communities.
Today, the modern administrative system of appropriative rights allows for water rights transfers, but only after jumping through a set of regulatory hoops. In every state, a party must obtain approval of the relevant state agency (or water court, in the case of Colorado) if they wish to change the beneficial use of their water right, the place of withdrawal, the place of use, or the location of return flows.
The state can only approve the transaction if it finds that the sale will result in no injury to other water rights holders, and in some states the proposed sale must also be consistent with the public interest. As a result of this oversight, even noncontroversial transactions can be time consuming and expensive.
Economists have argued that we need to reduce oversight of water transactions in order to allow markets to reallocate water to more valuable and efficient uses, but have been unable to put viable policy options on the table that would actually accomplish this goal. For example, the only suggestion made in the 1998 report that would really oil the wheels of the market was a relatively modest proposal to allow shortcut surrogates (such as irrigated acres) for actual measurements to reduce the amount of time and money spent on determining consumptive use. Western states are simply not ready to give up protections for water rights owners impacted by water markets. Furthermore, the level of scrutiny we 76 1998 Report, pages 6-27 to 6-28.
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give such transactions is well in line with the overall level of government oversight of natural resources and environmental quality. Despite the lack of major policy reforms, however, water markets are in fact playing an important role in reallocating water in the West. The degree, location, and timing of market activity tend to show that where circumstances put true pressure on water supplies, markets do function to reallocate water uses. A look at the last 15 years shows that while markets are not booming, they are certainly perking along quite nicely.
Current Status
In 2012, the Western Governors' Association published a report that provides a good, up-to-date review of the current status and importance of water markets in the West. 78 Over the last 25 years, western water markets have remained active, and it is fair to say that water transactions have become commonplace in several western states. The volume of water traded annually has varied from a low of just over 500,000 acre-feet (AF) (in 1988), to highs above 2.5 million AF (a peak reached in 1991, 1994, 2000, and 2005) . 79 Volumes of water traded over that period have predictably been higher in more arid and populous states (California leads the way, with 13.3 million AF traded over this period, almost 5 million AF ahead of second place Arizona).
80 Region-wide, the primary buyers for water rights have been municipalities seeking new supply. Purchasers seeking water for energy extraction, agriculture production, and environmental uses have also driven some of the demand on the market. 81 There are several insights that the overall numbers miss. First, water markets play a vital role for states that face the most critical water shortages. As part of a survey conducted for the WSWC report, New Mexico reported that water transfers are the only remaining method available for obtaining new supplies. 82 In Texas, the volume of water traded in 2011, the first year of the current drought, ballooned to 1.7 million AF, after averaging 150,000 acre-feet per year (AFY) from 2007 to 2009. 83 Similarly, droughts in the late 1980s and late 1990s sparked California's water markets (although over the last 10 years markets have remained at high and steady levels). 84 In California, water transfers are the most economical option for obtaining new water, cheaper than both building new storage and desalination. 85 Second, water markets are at least in significant part driven by local infrastructure and conditions. In California, water markets are enabled by the state's unrivaled network of pipes, pumps, canals, and aqueducts. After growing significantly from 1980 to 2000, markets have remained relatively constant in California, in part because pumping limits imposed on the Bay-Delta system have made it harder to move water from north to south in the state. 86 Finally, while there have not been any major policy innovations driving water markets in the last 15 years, buyers, sellers, and states have found ways to move water from agricultural to urban users while preserving rural economies. Two major water transfers in Southern California illustrate both the progress in developing water markets and the continuing controversy about their effects on rural irrigation districts.
San Diego, Los Angeles, and three large irrigation districts in Southern California all rely on water diverted from the Colorado River. All totaled, California has historically used approximately 5.2 million AFY of Colorado River water. This water supply is not so much stretched thin as stretched past the breaking point. California is under a mandate to reduce its use of Colorado River water from 5.2 to 4.4 million AFY by first 2015 and then 2025 to comply with the Colorado River Compact. 87 All the while, urban demand in Southern California has continued to grow. For decades, fingers have pointed at the large irrigation districts [Coachella Valley Water District, Palo Verde Irrigation District, and the Imperial Irrigation District (IID)], which use comparatively large amounts of water per acre, in part because of the area's salty soils, and in part because of outdated irrigation practices and infrastructure.
These exigencies have driven the parties to pull off two of the largest water transactions in history. 88, 89 Both transactions allow farmers the flexibility of fallowing the least productive fields, freeing up water for urban growth and allowing farmers to focus on the most valuable crops. The Palo Verde deal includes funding for local economic stimulus; the IID includes devoting some conserved water to the restoration of the Salton Sea. Yet both transactions have also been bitterly criticized as condemning local communities to the same fate as the Owens River valley.
These two transactions exemplify the status of water markets today. Where the demand pressure is great enough, and the infrastructure allows it, we can implement impressively complicated water transfers. In the coming years, water markets can be improved through collecting and disseminating better data about transactions, establishing clearer rules about water conservation and water rights forfeiture, and expediting review for similar, recurring transactions.
Environmental Water Transfers
One market innovation that has taken hold in the last 15 years is that of water rights transactions designed to restore streams and other aquatic ecosystems. These water transfers, called environmental flow transactions, only began to become legally feasible in the late 1980s, make up a meaningful portion of the overall water market in some states. They have played an important role in the protection and restoration of key spawning tributaries for trout and salmon in the Columbia basin, wildlife refuges in California's Central Valley, and other aquatic ecosystems in the western United States. Transaction costs for these types of transfers remain unfortunately high, however, and their future depends on more sustainable and increased funding. In 1986, Oregon passed the first statute allowing private entities to purchase or receive as donations water rights that could then be dedicated for instream uses and held in trust by the state. Montana, Colorado, California, Washington, Wyoming, New Mexico and Utah have all also passed statutes creating some type of mechanism for dedicating existing diversionary rights for instream use to protect or restore environmental or recreational values. These statutes vary in their breadth and focus.
In several states, agencies and a variety of NGOs, including several "water trusts," have developed innovative transactions whereby willing sellers or donors can devote some or all of their water rights to the purpose of enhancing aquatic ecosystems. 90 These include permanent transfers of water rights, fixed term leases, irrigation efficiency projects where a portion of the conserved water is left in stream, short-term water transfers, irrigation forbearance agreements, and the use of water banks to allocate water for stream flow. These transactions have played a critical role, particularly where long-term streams of funding are available.
In California, environmental transactions made up 20% of the volume of water traded between 2003 and 2011. Most of these transactions were funded as part of the Central Valley Project Improvement Act's Water Acquisition Program or CalFed's Environmental Water Account. These project-funded transfers tend to be annual purchases of water allocated between streamflows and wildlife refuges. The volume of transactions is thus largely driven by amply funded mitigation programs for large projects.
The Columbia Basin has been the true nursery for environmental water transactions. As part of its compliance with the Endangered Species Act, the Bonne ville Power Administration is required to provide funding to restore flow in priority tributaries. The resulting Columbia Basin Water Transaction Program (CBWTP) has disbursed an average of approximately $5 million a year in the Columbia Basin states for environmental water transactions since 2002. 91 A growing community of NGOs have used CBWTP grants to leverage additional funding from state and federal agencies and private donors. Through fiscal year 2011, the CBWTP has supported a total of 53 permanent water rights transfers and well over 200 leases, irrigation forbearance agreements, and other temporary transactions. Over the life of these transactions, these transfers represent a commitment of a total of 5.8 million acre-feet of water.
Although the last 15 years have seen enormous progress in environmental water transactions, this progress has not been spread across the West. Many 93 Even California and the Columbia basin, which have witnessed the largest number of environmental water transfers, transaction costs can be very high. 94 It will take time, hard work, and in some states new laws and policies to lower transaction costs, reduce approval time, and spread the use of environmental water transactions across a broader swath of the West. The most important factor in the future growth of voluntary water rights transfers for flow restoration, however, is sustainable funding.
Water-Energy Nexus
Within the last decade, a conversation has emerged that begins with two basic observations: it takes water to produce energy and it takes energy to move and treat water. This conversation has especially resonated in the western US, because the region is almost as well known for its rich and diverse energy resources as for its scarcity of water. 95 The field of integrated water-energy studies was established in 1994, 96 but research and public discourse on this topic was still nascent in the late 1990s and garnered no mention in the 1998 Commission Report. It was not until the publication of several studies by the California Energy Commission and Sandia National Laboratory in the mid-2000s that this issue became prevalent in discussions about water and energy management. 97 While emerging, regulatory and operational innovation, 92 Idaho's program is limited to the use of water banks in one river basin. Wyoming law has barely recognized instream flow rights, and has seen only one transaction. New Mexico's program is limited to a water bank with the purpose of restoring endangered species and complying with interstate water compacts. 93 In Colorado, which fully recognizes instream flow rights, transactions have been severely limited by an exacting approval process that drives up transaction costs and uncertainty. 94 A recent study of transaction costs for the CBWTP showed that they varied widely and unpredictably, from lows of less than $200 an acre/foot to a high of $1500 an acre/foot. as well as interdisciplinary research to explore the potential benefits of integrated water-energy resource management, are still largely a promise rather than reality. 
Energy Use in the Water Sector
Depending upon where you live, moving, treating, and heating water uses between 4 and 18% of regional electricity and as much of 30% of natural gas. In the western United States, one of the main energy demands of the water sector is transporting water long distances from its source to its end use. At 8.35 pounds per gallon, the weight of water requires a significant amount of energy to lift. For instance, to meet Southern California's demands, water is pumped through 3000 miles of pipelines, tunnels and canals, 99 and some of it is pumped more than 3000 feet in elevation over the Tehachapi mountain range. 100 This energy cost of transporting water is not limited to cities. Irrigation water in the Columbia River basin must be pumped several hundred feet up the canyon wall from behind Grand Coulee Dam to irrigate farmland through 5800 miles of canals, drains and waterways in the arid region of eastern Washington. 101 When energy was cheap and plentiful, these costs were easier to ignore, but with tightening supplies and increased concerns about carbon emissions, the energy intensity of transporting water long distances has become a significant question of energy as well as water management.
Of course, conveyance is not the only source of energy demand imbedded in water. Estimates from numerous studies suggest that water supply treatment consumes 0.8% of the nation's energy. 102 With calls for more advanced treatment of contaminants of emerging concern (e.g., pharmaceuticals and pesticides), the energy intensity of water treatment could increase. Cities throughout the West are reducing energy use through more water efficient infrastructure and calls for water conservation among end users, but because it has proven difficult to measure the amount of energy saved through water savings, utilities have not been sufficiently credited for their efforts. In addition to energy savings linked to best management practices and system optimization, substantial amounts of energy could be extracted from wastewater itself. Many researchers are exploring emerging technologies for producing energy from wastewater processing. 103 The Inland Empire Utilities Agency in California already operates a wastewater treatment system with several anaerobic digesters that process 65 million gallons of wastewater into high-quality recycled water and biogas.
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Groundwater provides up to 30% of total water supply across the West. But groundwater pumping is energy intensive; one study done for the California Public Utilities Commission reported that the monthly electricity requirements of groundwater pumping in California exceed those of the state's water conveyance system at the peak of the summer.
105 Exacerbating the energy demands of groundwater pumping is the fact that as aquifer levels decline, more energy is needed to pump water from greater depths.
energy and environmental costs of desalination plants (i.e., brine disposal), other more cost-effective options should be pursued first, such as wastewater recycling and reuse, water transfers, and conservation and efficiency. 108 The Congressional Research Service recently released two reports on the water and energy nexus highlighting the interest among federal decision-makers in this burgeoning topic. 109 California is continuing to lead the way to develop measures to lower the energy intensity of the state's water supplies driven by the state's climate change legislation -AB32, the Global Warming Solutions Act of 2006.
110 The California Public Utilities Commission is also examining the possibility of allowing for the investment of future energy-efficiency program dollars to reduce the energy embedded in the state's water supplies through projects to save water and energy in the water utility and end user sectors. 
Water Use in the Energy Sector
Energy production has been a major part of the western economy for the past 100 years -oil production in Texas and California, coal mining in Montana and Wyoming, hydropower in the Columbia and Colorado River basins, uranium mining in Arizona. Each of these processes requires a significant amount of water, putting those uses in competition with agriculture, cities, and the environment, among others.
While the connections are not new, the energy sector has changed and grown since the 1990s, particularly with new technologies in natural gas and renewable energy. These new areas of activity, along with the traditional ones, are placing greater burdens on the region's water supplies.
The dramatic rise in domestic production of natural gas in states such as Colorado, Utah, and Wyoming is the result of exploiting deep shale deposits that were not previously considered economically recoverable. Natural gas extraction has changed dramatically with development of a new technology known as directional drilling, used in conjunction with hydraulic fracturing. Drilling and processing natural gas requires significant inputs of water and produces polluted water as a byproduct. Significant controversy has arisen from produced water, the use of hydraulic fracturing (or fracking) fluids, and limited water availability, leading to conflict around contamination of domestic wells and impacted streams, and sharp competition for scarce water supplies. 112 The U.S. Environmental Protection Agency is studying how to address impacts, but its hands are tied to a great extent, because the Energy Policy Act of 2005 excludes hydraulic fracturing (except diesel fuel) from regulation under the Safe Drinking Water Act.
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There is also broad tension between the states and federal government about where authority lies for regulating natural gas development on public lands.
In addition to natural gas, the renewable energy field has grown tremendously since the late 1990s, spurred by federal government incentives and mandates as well as a growing demand among consumers. The federal government, led by the Bureau of Land Management (BLM), has conducted a large-scale study of the American West looking at the suitability of public lands for large-scale solar energy production. This is particularly important given the water intensity of solar thermal power plants, which use the sun to make steam and power a generator in much the same way as fossil fuels. To facilitate permitting while protecting sensitive places, the BLM also identified areas where development is not advised. This evaluation includes assessment of water resources.
114 Sandia National Laboratory, in cooperation with the Western Governors' Association, has been exploring the intersection of western water resources, energy generation potential, and transmission siting. 115 The result of this effort is similarly designed to help states and federal agencies plan for energy and water management.
In the plains states, production of ethanol has become another important nexus between water and energy. The demand for biofuels has risen sharply due to federal mandates and production incentives. The water intensity of biofuels is significantly greater in areas requiring irrigation, raising questions about its future in the West.
Thermoelectric generation is particularly water intensive, but it varies depending upon the type of fuel and technology used. While only a fraction of the total water is used up in the process, the environmental and water supply impacts of both water withdrawals and the quality of returned water is of critical concern. Low water levels in rivers and reservoirs have caused power plants to reduce and halt production in places such as Texas and Arizona. 116 To address concerns, treated wastewater is increasingly used in power plants close to large population areas, such as the 3.3 gigawatt (GW) nuclear power plant in Palo Verde for Phoenix, Ariz. In some places, thermoelectric power plants are largely contributing to the overdraft of rapidly declining aquifers. 117 New technological innovations are leading to the development of dry and hybrid cooling technologies to achieve lower water intensities in power plant operations. 118 Future energy supply choices are increasingly taking account of water resource constraints in the planning and investment decisions. While water may not be a determinative factor, decisions around everything from natural gas extraction to power plant siting are looking carefully at their water footprints.
Advances in Technology and Knowledge
Most water technology has changed little in the past century: it remains a system of pipes and valves, dams and levees, treatment plants and pumps. Household toilets use less water today, but the basic design is recognizable to what has been in use for more than 100 years.
Water technology stands in stark contrast to the extraordinary advances witnessed in computing, communications, and other areas of high tech. Since the mid to late 1990s, when the commission wrote the Water in the West report, we have witnessed the emergence of incredible new technologies such as faster and more powerful computers, the internet, geographic information systems (GIS), satellites, and remote sensing. While not created for water management, these advances have independently and synergistically revolutionized our analytic abilities, communications, mapping, data sharing, and monitoring in ways the commissioners could not have imagined within such a short span of time.
As a result of these advances, everything is becoming smaller, cheaper, faster, and more readily available. Computers now enable data collection, storage, and processing that allow water managers to model and operate complex systems. The internet enables sharing of data and information almost instantaneously. Mapping using GIS has changed natural resources management with its powerful graphic and analytical capacities abilities, from determining the least-impactful route for a natural gas pipeline in Colorado to tracking the movements of and dictating responses to large wildfires all over the West.
Emerging remote sensing technologies such as LiDAR, GRACE, and METRIC 119 allow for data collection about water resources to be accomplished from long distances using airplanes and satellites, helping to reduce costs and overcome problems presented by multiple jurisdictions or access to private property. For instance, the entire Lake Tahoe basin in the Sierra Nevada was flown by a plane using LiDAR. 120 The resulting map provides an understanding of the physical and man-made features of the landscape that is second only to a walk over each inch of the basin by foot. The data and maps are being used by planners and other decision-makers to help inform land management policies that influence water quality.
In addition to transformations from the high-tech sector, there are some exciting developments in the traditional water field as well. Advances in irrigation technology, leading to more targeted application from drip irrigation or micro sprinklers, has reduced evapotranspiration and produced large water savings, particularly in the agriculture sector. 121 Because agriculture constitutes around 80-90% of the total water demand in the West, efficiency frees up water for other uses.
groundwater for drinking water. Direct potable reuse, 127 which would eliminate the aquifer injection, would be more efficient, but faces public perception challenges.
Exciting new wastewater treatment technologies are emerging due to energy, environmental, and human health concerns. From an energy standpoint, microbial fuel cells have been successfully demonstrated in the lab whereby bacteria breaking down sewage also generate electricity. 128 Effective scaling-up of these microbial processes will replace traditional steps in the wastewater treatment process and help to power wastewater treatment plants. To date, these new technologies have not advanced far from the lab; it will be a while before they can be used operationally in wastewater treatment plants.
One area that is likely to garner much more attention in the near future is the need to treat non-traditional water pollutants. Known as contaminants of emerging concern (CECs), these pollutants include pharmaceuticals, agricultural antibiotics, and some pesticides that have been linked to cancers and endocrine disruption. Traditional wastewater and water treatment plants are not designed to remove CECs so research is now focused on new approaches. Recognizing the need to address CECs, the new cutting edge Silicon Valley Advanced Water Purification Center will use UV disinfection and oxidation through hydrogen peroxide.
Many promising new technologies have emerged from the oil and gas industry to help groundwater managers better understand and quantify aquifers in less costly and intrusive ways. Traditional data collection required drilling new wells but new technologies such as large-scale airborne data collection allow us to map changes in the Earth's surface, better defining groundwater basins and deriving more accurate estimates of groundwater volumes. New geophysical techniques are also being used to capture spatial heterogeneity over the landscape to develop more effective plans and sampling strategies, and to site wells properly. For instance, real time kinematic (RTK) -GPS is currently being use to measure subsidence in the Kings River Conservation District in the Central Valley of California. 129 Nuclear magnetic resonance is another powerful technique used to better understand aquifer properties being applied in the Ogallala aquifer in Nebraska to develop an interactive surface and groundwater model. In general, additional funding for research into creating water technologies and innovations is needed. Water is priced so low that there is insufficient research capital available from either government or industry. To illustrate this problem, the Water Environment Research Foundation spends $11M per year on research while the Electric Power Research Institute spends well over $250M annually. For the same reason, there is little incentive to adopt expensive technologies that improve efficiency, whether through use, better information, or improved decision-making. Better technologies can only spread in conjunction with policies (or market pricing mechanisms) that drive efficiency.
Requirements for monitoring, data collection, and dissemination are needed. Better collaboration and cooperation should be facilitated. In addition, there must be greater incentives for risk adverse water managers to take risks with experimental technologies. Testing new technologies must take place at a scale sufficient to make them believable.
Water Infrastructure Financing
One question that never loses its relevance in the world of western water is how to pay for it. The earliest European settlement of the region involved mostly local financing of water resource projects, best exemplified by the efforts of the Mormon Church in Utah. Starting in the late 1840s, the Mormon Church built dams in the Wasatch Mountains for water storage and canals to convey the snowmelt to the lowlands. 130 This was followed by a period of rather intensive investment by the federal government in large water reclamation and flood control projects between 1930 and 1970. The passage of the federal Clean Water Act in 1972 prompted the federal government to make another significant contribution, this time to wastewater and drinking water treatment infrastructure. Since that time, federal investments in large water projects have waned and support for wastewater and drinking water utilities is becoming more limited. 131 Throughout, state funding for water projects for the most part was limited. Today, funding for western water has circled back and is now again primarily reliant upon local sources of funding for water management and infrastructure.
The time and cost of building water infrastructure projects has grown tremendously over time (roughly $800M with inflation) and was completed in only 2 years, while just the environmental impact statement for a proposed water pipeline project in the Sacramento Delta cost more than $250 million and 6 years to complete. 132 The tremendous expense of new infrastructure has contributed to a decline in new projects, leading to deterioration in the condition of water infrastructure in the West and much of the country. The American Society of Civil Engineers has given the nation's water infrastructure a grade of D+. 133 The Environmental Protection Agency quantifies the investment gap in drinking and wastewater infrastructure at $540 billion nation wide. 134 Regionally, there are increasingly vocal calls for collaboration and leadership to address the problem. 135 While the era of big federal western water infrastructure projects has passed, some high profile projects continue to be proposed, drawing controversy and questions about funding. As discussed above, water transfers require water infrastructure, and large pipelines facilitating interbasin transfers of water have been proposed for a number of places throughout the region: the Colorado River to St. George, Utah; Spring Valley, NV to Las Vegas, Nevada; the Sacramento River beneath the Delta; and the Flaming Gorge Reservoir to Colorado's Front Range. Fierce debates have raged about the costs and benefits of these projects and whether taxpayers should shoulder any of the burdens. New dam projects or dam enlargements continue to be proposed in places across the West, though at a far lower rate than in previous decades. 136 The state of Idaho is even considering reconstruction of the Teton Dam, which famously and catastrophically failed in 1976. 137 More common are multi-dimensional projects involving enhancement of water supplies and ecological restoration. Efforts like the Yakima River project in Washington State enjoy diverse local political support and are often able to justify their substantial costs by touting non-market ecological restoration benefits. Nevertheless, they are confronting the stark realities of limited public funding to meet all of their goals. 138 Unfortunately, aging infrastructure is occurring simultaneously with substantial resistance among the public to any increases in government spending and taxation, including water rates. 139 Numerous water utilities in Las Vegas, Denver, San Francisco, and Seattle have imposed significant rate increases over the past several years, driven at least in part by the success of their conservation programs. With consumers using less water, and the fixed costs of infrastructure remaining constant or rising, utilities must find ways to increase revenues to remain solvent. 140 With some utilities unable or afraid to propose rate increases, funding has become increasingly inadequate to meet basic operations, not to mention capital replacement. While most water infrastructure in the West is not as old as its eastern counterparts, this lack of investment is likely to catch up with the region in the next 20 years.
States like California and Texas continue to fund some water infrastructure projects through general obligation bonds and direct appropriations, but these efforts are becoming more and more difficult. Other states such as Wyoming are using revenues from more lucrative enterprises such as energy development to help support water projects. 141 With increasingly limited government funding for water infrastructure, some jurisdictions are increasingly turning toward the private sector for financing. Public private partnerships (P3s) are a way in which private capital and expertise is used to facilitate needed facility upgrades. While P3s may resolve the problem of ready access to capital, the jurisdiction must still pay back those loans, and that usually means raising rates. Privatization of water infrastructure remains relatively rare in the West, although cooperative arrangements are beginning to arise in some jurisdictions. 142 In one of the most prominent examples to date, the City of Stockton privatized their water systems (water, wastewater, and stormwater) in a $600M, 20-year deal in 2003 with a multinational company, but 4 years later, the city decided to withdraw from the contract because of numerous issues, the most prominent of which was strong public opposition to the privatization of a public good. 143 Some say the West is not running out of water, just cheap water. As water becomes scarce and as the infrastructure necessary to acquire and deliver that water must be maintained and replaced, the cost of water will climb. Water managers will have to be thoughtful about the choices they make about which infrastructure to fund and consumers ultimately will have to pay more for the water that they use. This will present a growing economic and political challenge for the western region.
Conclusion
It has been said that the more things change, the more they stay the same. Those who follow discussions about western water have witnessed some significant changes over the past two decades, including the central importance of climate change. Still, subjects like governance and finance remind us that change is hard to achieve. While new inventions and policies regularly arise, promising new opportunities for more sustainable management of water, it is political will that is actually in the shortest supply. We have more than enough information, technology, and expertise to start implementing the recommendations in this paper. But we need the political leadership.
Undoubtedly, two decades from now, people will still be having conversations about many of the same issues we have touched upon in this paper. They will also be discussing subjects we have not even considered. But faced with the imperative that water is vital to all life on earth, there is no doubt that many more conversations will take place.
